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SCOPE OF THIS MANUAL 

This manual provides descriptive material and instructions for the installation, operation, 
maintenance, and repair of this instrument. Wavetek's product improvement program ensures that 
the latest electronic developments are incorporated in all Wavetek instruments by the addition 
of circuit and component changes as rapidly as development and testing permit. Due to the time 
required to document and print instruction manuals, it is not always possible to incorporate the 
more recent changes in the released manual. In this case, data will be found on engineering change 
sheets at the rear of the manual. If no change sheets are included, the manual is correct as printed. 
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SECTION I 
INTRODUCTION 



1.1 GENERAL CAPABILITIES 

The Model 154 Programmable Waveform Generator is a pre- 
cision source of sine, square and triangle waveforms covering 
a frequency range from 0.001 Hz to 10MHz. In addition, a 
calibrated, programmable dc voltage output is provided. 
Amplitude, frequency and dc level may be digitally pro- 
grammed with three digit resolution. Amplitude, frequency 
and dc level may also be modulated by an analog control 
voltage. The generator may be operated in continuous, trig- 
gered or gated modes. All controls may be locally or re- 
motely programmed. All programming is DTL/TTL com- 
patible. 

1.2 PHYSICAL AND ELECTRICAL SPECIFICATIONS 
1.2.1 Versatility 

Output Signals 

DC voltage, Sine ^ , Square and Triangle \ 
selectable, with auxiliary pulse output. 

Frequency Range 

0.001 Hz to 10 MHz in 10 decade ranges, with 3 digit 
resolution. 

Main Output 

DC voltage, ±0.1 Vdc to 10 Vdc at 100 mA maximum. 
Output impedance less than 112. 'X) , Tj , \ , 0.001V 
peak to peak to 10 V peak to peak into 5012 load. Output 
impedance 5012. All waveforms may be offset 5 V above or 
below ground level with 3 digit resolution and selectable 
polarity. Signal level plus offset voltage not to exceed 
±7.5 V peak into 5012 load. 

Auxiliary Output 

50% duty cycle pulse at generator frequency. Fixed ampli- 
tude, 0 to -f-6 V peak into open circuit (0 to 3 V into 5012). 

Operating Modes 

Continuous, trigger, or gated mode, selectable. The genera- 
tor may be triggered to produce single cycles by pushbutton 
trigger or external trigger command. Any discrete number 
of cycles will be produced by applying a gate signal for the 
desired burst width when in the gated mode. Minimum 
voltage required for trigger = +3 V. 50 V can be applied 
without damage. 



Analog Modulation Control 

The frequency, amplitude and dc offset level of the genera- 
tor can be independently controlled by an external voltage. 
The control can bedc programming or wideband modulation. 

1.2.2 Accuracy 

Horizontal Precision 

Frequency accuracy of the generator, whether programmed 
manually with front panel switches or remotely by external 
digital programming: 

0.001 Hz to 100 kHz .... ±(1% of setting +1 digit) 

100 kHz to 1 MHz ±(1% of full scale) 

1MHz to 10 MHz ±{2% of full scale) 

Vertical Precision 
Xj and Tj Waves 

0.001 Hz to 100 kHz .... ±(1% of setting +1 digit) 

100 kHz to 1 MHz ±(2% of setting +1 digit) 

1 MHz to 10 MHz ±{5% of setting +1 digit) 

\ Wave 

0.001 Hz to 10 kHz ±(1% of setting -i-l digit) 

Vertical precision stated is for XI amplitude multiplier. 
For X0.1, X0.01 and XO.OOl add 1% per step. 

DC Voltage 

±{1% of setting -i-1% of full scale). 

DC Offset 

±(1% of setting +1% of range). 

1.2.3 Waveform Purity 



Stability 

Shortterm. ±0.05% for 10 minutes 

Long term ±0.25% for 24 hours 



Percentages apply to frequency, amplitude and dc offset 
stability. 

Time Symmetry 
1% to 500 kHz. 

Amplitude Symmetry 

All waveforms to 500 kHz are symmetrical about ground 
within ±1% of range maximum p-p amplitude. 
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Sine Distortion 

10 Hz to 100 kHz Less than 0.5% 

0.001 Hz to 1 MHz Less than 1.0% 

1MHz to 10 MHz . . . All harmonics at least —28 dB 

Square Wave 

Auxiliary output better than 5 nanosecond rise and fall time 
with less than 5% aberrations. Main output better than 35 
nanosecond rise time with aberrations less than 5% ±10 mV. 

Triangle Linearity 

Greater than 99%, 0.01 Hz to 100 kHz. 

DC Voltage 

Ripple and noise less than 10 mV rms with generator idle. 

1 .2.4 Analog Control Characteristics 

Voltage Control of Frequency (VCG) 

Up to 1000:1 frequency change with an external voltage 
input of 5 volts. The upper frequency is limited to maxi- 
mum of selected range, VCG input impedance 3.3 kH, 

VCG Response 

Bandwidth 100 kHz limited by a slew rate of 2% of range 
per microsecond. 

VCG Linearity 

1.0 Hz to 100 kHz ±0.2% of full scale 

0.001 Hz to 1 MHz ±0.5% of full scale 

Voltage Control of Amplitude (VCA) 

Full amplitude control with an external voltage input of 
±5 volts. The control is bipolar, that is, the amplitude can be 
controlled from maximum through null to range maximum 
at inverted phase. VCA input impedance is 3.3 kJ2. 

VCA Response 

Bandwidth 100 kHz limited by a slew rate of 2% of range 
per microsecond. 

VCA Linearity 
1% of full scale. 

Voltage Control of DC Offset 

All waveforms may be offset above or below ground level 
by an external voltage. Sensitivity of the signal is +2 or —2 
volts offset per volt input dependent on dc polarity selected. 
Input impedance is 3.3 k^2. Signal level plus offset voltage 
not to exceed ±7.5 volts peak into 50^2 load. 

DC Offset Response 

Bandwidth 100 kHz limited by a slew rate of 2% of range 
per microsecond. 

DC Offset Linearity 
1% of full scale. 



1.2.5 Environmental 

Specifications apply at 25°C ±5°C. For operation from 0°C 
to +50°C, derate all specifications by a factor of 2. Instru- 
ment may be stored from -50°C to +80°C without damage. 

1.2.6 Mechanical 
Dimensions 

19-inch rack mount panel, ZVz inches high, 16% inches deep. 
Weight 

15 lb. net, 24 lb. shipping. 

Power 

105 V to 125 V or 200 V to 250 V; 50 to 400 Hz; less than 
45 watts. 

NOTES 

AH specifications apply for control settings from 
1.00 to 9.99. 

On 1 MHz range only XI and XO. 1 amplitude 
settings apply. 

1.3 PROGRAMMING 

Description 

All functions may be remotely controlled by BCD logic 
level programming. Front panel push button switches can 
be used to select local (front panel) control or remote con- 
trol. When all controls are in the remote position, a logic 
voltage output is enabled for computer verification as well 
as illumination of a front panel light for visual verification. 
Signal ground and program ground are isolated. 



Program Requirements 



Frequency . . . 


. 3 digits 


12 lines 


Frequency Range . 


. 10 ranges .... 


4 lines 


Amplitude . . . 


3 digits 


, 12 lines 


Amplitude Range . 


. 4 ranges 


2 lines 


DC Level . . . 


. 3 digits 


12 lines 


DC Polarity. . . 


. 0, + or - .... 


2 lines 


Function . . . 


• % , 1j » 'V Of dc 2 lines 


Mode .... 


Cont. Trig or Gate 


2 lines 


Output .... 


. Front or rear panel . 


1 line 


Return .... 




2 lines 


All remote . . . 


Output for verification 


1 line 


Total No. of Lines for Complete Control . . 


52 lines 



Program Transition Time 

Frequency, amplitude and dc offset settings respond in less 
than 100 ps. Frequency range, function, offset polarity and 
attenuator respond in less than 3 ms. 
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CONTROL CONNECTOR PIN LAYOUT 



Mating Connector 
Amphenol 57-30360 



Plug J3 



Mating Connector 
Amphenol 57-30360 
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DC SETTING 



AMPLITUDE 



§ 8 § 8 ^^° 8§8 



Q| |Q£ USQQE 3BE3E IB 



Standard Control Logic 
Logic 1 = +2.4 V to +10 V, typical sink current 1.5 mA 

per line. 

Logic 0= -1 V to +1 V, open circuit voltage is approxi- 

mately —0.7 V. 



MPLITUDE 

RANGE 
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TRUTH TABLES WITH PIN ASSIGNMENTS 



DC 

Polarity 



0 



Program 
IPin No.) 
19 1 



Frequency 

Range 


Program 
(Pin No.) 
7 5 3 1 


Amplitude 

Range 


Program 
(Pin No.) 
11 9 


Function 


0.001 


0 0 0 0 


0.001 


0 0 


% 


0.01 


0 0 0 1 


0.01 


0 1 




0.1 


0 0 10 


0.1 


1 0 


DC 


1.0 


0 0 11 


1.0 


1 1 


Tu 


10 


0 10 0 








100 


0 10 1 








1 K 


0 110 








10 K 


0 111 








.1 M 


10 0 0 








1 M 


10 0 1 









Program 
(Pin No.) 


33 


32 


0 


0 


0 

1 


1 

0 



Mode Program 

(Pin No.) 
35 34 



Continuous Q Q 

Gated 0 1 

No Output 1 0 

Trigger 1 1 
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SECTION 
INSTALLATION ANO OPERATION 



2.1 MECHANICAL INSTALLATION 

After unpacking the instrument, visually inspect all external 
parts for possible damage to switches, connectors, surface 
areas, etc. If damage is discovered, file a claim with the 
carrier who transported the unit. The shipping container 
and packaging material should be saved in case reshipment 
is required. 

The front panel has been designed to allow this unit to be 
mounted in a standard 19-inch equipment rack. No mechan- 
ical installation is required when the instrument is to be 
used as a portable bench unit. 

2.2 ELECTRICAL INSTALLATION 
2.2.1 Power Connection 

NOTICE 

Unless otherwise specified at the time of pur- 
chase, all Wavetek Model 154 instruments are 
shipped from the factory with the power trans- 
former connected for operation on a normal 
115-volt ac line supply, and a Vt. amp 115-volt 
slow blow line fuse. 



To convert to 230 volts, set the slide switch at the rear of 
the instrument to 230, and replace the fuse with a slow 
blow fuse rated at % amp at 230 volts. 

Connect the ac line cord to the mating connector at the 
rear of the unit. 

2.2.2 Signal Connections 

Use 50n shielded cables equipped with female BNC con- 
nectors to distribute all RF signals when connecting this 
instrument to associated equipment. 

2.3 OPERATING CONTROLS 

The operating controls and electrical connections for the 
Model 154 are shown in Figures 2-1 and 2-2. Each of the 
following paragraph numbers corresponds to a number ap- 
pearing in Figure 2-1, front panel, and Figure 2-2, rear panel. 



Power On Indicator - The indicator is illuminated 
when the unit is on. 




Figure 2-1. Operating Controls, Front Panel 
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2. Frequency Hz Setting - A three-digit thumbwheel 
switch is provided for output frequency selection. For 
the actual output frequency, this value is multiplied 
by the frequency Hz range multiplier (3). 

3. Frequency Hz Range Multiplier — This thumbwheel 
switch has ten decade ranges from 1 millihertz to 
1 megahertz. This value multiplied by the setting (2) 
gives the output frequency. 

4. All Remote Indicator — When all the front panel re- 
mote push buttons are in (button Nos. 13, 14, 15, 16, 
17 and 19, see Fig. 2-1), the indicator is illuminated. 
This means the generator is completely controlled by 
remote programming and independent of the front 
panel controls. In this condition a signal (> -^3 Vdc) 
appears at pin 15 of plug J3 for computer notification. 

5. DC/Offset Polarity — When in the dc mode, this switch 

determines the polarity of the dc level, either + or — . 
When in the "0" position, the dc level will always be 
zero. When in the , Hj . or function, 

this switch controls the polarity of the offset. When 
in the "0” position, the offset will always be zero. 

6. DC/Offset Volts — This three-digit thumbwheel switch 
sets the dc level when in the dc mode, or the amount 
of dc offset into a 50^2 load for the waveform func- 
tions. The maximum voltage of the output amplifier 
is limited to ±7.5 volts into 50 ohms; therefore, the 
peak signal amplitude plus the offset should not ex- 
ceed this limit or a distorted waveform will be the 
result. When in the dc mode, the output dc voltage is 
dependent only on the setting of this switch and inde- 
pendent of the p-p amplitude volt and amplitude 
range settings and also independent of the load cur- 
rent up to 100 milliamps. 

7. P-P Amplitude Volts — This three-digit thumbwheel 
switch is used to set the peak to peak signal level into 
a 50 ohm load. It controls the level for the sine, 
triangle and square waves, but has no control in the 
dc mode. 

8. Amplitude Range — This switch has four ranges, 1.0, 
0.1, 0.01, and 0.001, allowing output amplitudes from 
9.99 volts to 1 millivolt. 

9. VCG IN (Voltage Controlled Generator) - This con- 
nector allows external analog control of frequency. 
Up to a 1000:1 frequency change may be obtained. 
A positive voltage increases frequency and a negative 
voltage decreases frequency. See section under OPER- 
ATION for details. 



10. EXT DC IN (External DC Offset Control) — This 
input allows external analog control of dc offset or of 
dc voltage output. Sensitivity of the input is +2 or —2 
volts offset per 1 volt input dependent on dc polarity 
selected; i.e., a gain of two. The small signal band- 
width is 100 kHz and the slew rate is 2% of range per 
microsecond. 

The EXT DC IN connector operates in conjunction 
with any manually or remotely programmed dc level 
or offset. The signals will be added or subtracted de- 
pending on the polarities. If the polarity switch (see 5) 
is in the "0” position, the EXT DC IN connector is 
disabled. 

11. VCA IN (Voltage Controlled Amplitude) — The out- 
put amplitude can be modulated by an analog voltage 
input to this connector. This input signal is algebrai- 
cally summed with the p-p amplitude setting on the 
front panel or with the remote program. This input 
may be used for studying most amplitude modulation 
techniques. 

12. Power — Depressing this push button switch turns the 
unit on. 

13. Frequency Remote, Setting - The frequency setting 
(see No. 2) will be controlled by the remote program 
when this switch is depressed. This does not affect 
the range multiplier. The setting is 0.00 if the control 
lines are open and the switch is depressed. 

14. Frequency Remote, Range — Depressing this switch 
causes the frequency range to be selected by the re- 
mote program. The range will stay at X0.001 if the 
control lines are open and the switch is depressed. 

15. Amplitude Remote, Offset — When this push button 
switch is depressed, the dc voltage output or signal dc 
offset, including the polarity, is controlled by the re- 
mote program. The setting will be +0.00 if the control 
lines are open and the switch is depressed. 

16. Amplitude Remote, Range — The amplitude range is 
remotely controlled when the push button switch is 
depressed. The range will stay at XO.OOl if the control 
lines are open and the switch is depressed. 

17. Amplitude Remote, Setting — Depressing this switch 
causes the amplitude setting to be controlled by the 
remote program. The setting will be 0.00 with the 
button depressed and the control lines open. 

18. Manual Trigger — The manual trigger button operates 
when the generator is in either triggered or gated 
mode (see Nos. 20 and 21). In the triggered mode. 
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one cycle of the selected waveform is generated each 
time the button is depressed. In the gated mode, the 
generator will continue to oscillate while the button 
is depressed. Upon releasing the trigger button, the 
generator will complete the last cycle and stop oscil- 
lating. 

19. Function Remote — When this button is depressed, 
all of the modes under the function heading (Nos. 
20 - 25) are under remote control. If this switch is 
depressed and the control lines are open, the output 
waveform will be a sine wave in the continuous run- 
ning mode. 

20. Gated Mode — When this switch is depressed, the 
generator may be started by applying a gating signal 
of at least 3 volts to the TRIG IN connector (see No. 
26). Removing the gating signal causes the generator 
to complete the last cycle and stop. The generator 
may also be gated by depressing the manual trigger 
button (see No. 18). 

21. Trigger Mode — In this mode the generator will pro- 
duce one cycle of output for each trigger signal ap- 
plied, The frequency of the trigger signal should be 
lower than the generator frequency. The trigger signal 
must be at least 3 volts. If both the gated and trigger 
switches are depressed, the generator will be in the 
triggered mode. 

22. DC — Depressing this button causes a dc output to be 
present at the 50S7 output connector (see No. 27). 
The output impedance in the dc mode is 1 ohm. The 
maximum amount of dc is 10 volts and is set by the 
dc volts thumbwheel switch (see No. 6). The polarity 
is determined by the dc polarity switch (see No. 5). 



The polarity must be + or — for an output. Neither 
the p-p amplitude (see No. 7) nor the amplitude range 
multiplier (see No. 8) control has any effect on the dc 
output. The loading current should not exceed 100 
milliamps. 

23. (Square Waveform) — Depressing this button 
produces a square wave at the 5012 output connector. 
Amplitude is controlled by the p-p amplitude volt and 
amplitude range switches (see Nos. 7 and 8), frequen- 
cy by the frequency Hz setting and range multiplier 
switches (see Nos. 2 and 3). 

24. \ (Triangle Waveform) — This switch applies a 
triangle waveform to the 5012 output connector. 

25. \) (Sine Waveform) — Depressing the button ap- 
plies a sine wave to the 5012 output connector. 

26. TRIG IN — This connector accepts the trigger input 
signal for operation in either the trigger or gated 
mode (see Nos. 20 and 21). The trigger signal should 
be at least 3 volts. The input is dc coupled with 
lOK ohm impedance. Up to a 50 volt signal may be 
applied without damage. 

27. 5012 OUT — This is the main output connector for all 
output signals. The signal will always be here unless 
the generator has been programmed to direct the out- 
put to the rear connector. 



28. AUX OUT — This is an auxiliary pulse output. It is 0 
to -1-6 volt pulse with 50% duty cycle. It can be used 
as a pulse, sync or squarewave output. It runs at the 
same frequency as the main generator. The rise and 
fall time is less than 5 nanoseconds. 




Figure 2-2. Operating Controls, Rear Panel 



2-3 




29. 50n OUT — The main output is shifted to the rear 
output connector when pin No. 36 of connector J3 is 
programmed with a +2.4 V to +10 V signal. (See 
Section 1.3.) 

30. Power In Receptacle — This connector accepts a fe- 
male power cord for applying 120 or 240 volts ac. 

31. Remote Programming Connectors — Remote con- 
trol signals are input to the generator through these 
connectors. All control logic is BCD. (See Section 1.3 
for pin assignments.) The mating connector (Part No. 
57-30360) is manufactured by Amphenol. 

32. Line Fuse — This fuse protects the instrument from 
ac line transients as well as shorts within the instru- 
ment. For 115 Vac operation, use a Va amp slow blow 
fuse. For 230 Vac, use a 14 amp slow blow fuse. 

33. 115 - 230 Volt Switch — This switch selects the power 
input voltage used. The instrument is normally ship- 
ped for 115 Vac and a 14 amp fuse. To convert to 
230 Vac, set slide switch to 230 and install a 14 amp 
slow blow fuse. 

2.4 INSTALLATION CHECKS 

This paragraph outlines a quick checkout procedure to 
determine if the instrument is operating properly. Field 
calibration and checkout instructions are given in Section 4 
to determine compliance with electrical specifications. If 
electrical deficiencies exist, refer to the warranty on the 
back of the title page. 

Use a Tektronix Model 454 oscilloscope (or equivalent) and 
a 10 MHz counter-timer with 4-digit resolution when per- 
forming these installation checks. 

1. Connect the line cord to the ac line. 

2. Connect the 50^2 OUT BNC to oscilloscope with 50 
ohm cable terminated with 50 ohms. 

3. Set frequency Hz to 1 .00 X 1 K. 

4. Set DC/OFFSET VOLTS to 0 0.00. 

5. Set P-P AMPLITUDE VOLTS to 1.00. 

6. Set AMPL RANGE to X 1.0. 

7. Set generator up for complete manual control; that is, 
see that none of the remote buttons is depressed. 

Depress 1 j push button. 



9. Depress POWER push button. 

10. Observe a 1 volt p-p square wave at 1 kHz on th« 
oscilloscope. 

11. Depress and then ^ push buttons. Observe 
triangle and sine waveforms, respectively. 

12. Depress TRIG push button. Press MANUAL TRIG 
button several times and observe single cycle genera- 
tion. Return TRIG button to out position. 

13. Depress GATED push button. The generator should 
run as long as the MANUAL TRIG button is de- 
pressed. Return GATED button to out position, 

14. With FUNCTION still on ^ and amplitude at 
1.00 X 1.0, set DC/OFFSET VOLTS to +5.00. Rotate 
most significant decade from 5 to 0. Change polarity 
to — . Rotate same switch from 0 to 5. Observe sine 
waveform being offset, first positively, then decreasing 
to zero and then increasing negatively over the range 
of ±5 volts. See Section 2.3, number 6, for signal plus 
offset limitations on the output amplifier. Return 
DC/OFFSET VOLTS to 0 0.00. 

15. Set P-P AMPLITUDE VOLTS to 9.99. Rotate most 
significant decade from 9 to 0 and note proper opera- 
tion of amplitude setting control. 

16. Return P-P AMPLITUDE VOLTS to 9.99. Rotate 
AMPL RANGE control through all positions and note 
20 dB change in amplitude per step. Return AMPL 
RANGE control to XI. 0. 

17. Remove 50 ohm terminator. Reconnect scope. Depress 
DC push button. Set DC/OFFSET VOLTS to +9.00. 
Observe 9 volt dc level. Rotate most significant decade 
of DC/OFFSET VOLTS thumbwheel switch from 9 to 
0 and observe dc level decrease. Set polarity to — and 
rotate the same digit from 0 to 9. Observe dc level in- 
creasing negatively. Return DC/OFFSET VOLTS to 
0 0 . 00 . 

18. Disconnect output BNC cable to oscilloscope and re- 
connect to d counter with 50 ohm terminstor 

19. Rotate frequency setting and range multiplier switches 
and observe counter to verify proper frequency cali- 
bration. 

20. Remote programming may be checked by applying dc 
levels (+2.4 to +10 V) to the appropriate pins of plugs 
J2 and J3 to verify that the output is correct. Use the 
Truth Tables with Pin Assignments in Section 1.3 to 
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determine which pins must receive a signal for a 
specified output. 

2.5 OPERATING PROCEDURE 

No preparation for operation is required beyond completion 
of the initial installation checks given in paragraph 2.4 of 
this manual. It is recommended that a one-half hour warm- 
up period be allowed for the associated equipment to reach 
a stabilized operating temperature and for the Model 154 
to attain stated accuracies. 

2.5.1 Operation as a Function Generator 

1. Properly terminate the 500 OUT connector with 
500 ±1% termination. 

2. Select the desired waveform either from the front 
panel push buttons or by the remote program. If the 
remote mode is used, the FUNCTION REMOTE push 
button must be depressed. 

3. Set FREQUENCY HZ setting and range multiplier for 
desired output frequency. If a remote program is used, 
be sure FREQ REMOTE SETTING and/or RANGE 
push buttons are depressed as required. 

4. Set P-P AMPLITUDE VOLTS and AMPL RANGE 
multiplier for desired output amplitude. If a remote 
program is used, depress either or both AMPL RE- 
MOTE RANGE and SETTING push buttons as de- 
sired. 

5. A positive or negative dc offset may be applied to the 
waveform by setting the DC/OFFSET VOLTS to the 
desired level. The peak signal value plus the offset 
cannot exceed i7. 5 volts. If it is desired to control the 
offset by the remote program, the AMPL REMOTE 
OFFSET push button must be depressed. 



2.5.2 Operation as a Voltage Controlled Generator 



The VCG input connector can be used to externally control 
the frequency of the generator. If a positive voltage is ap- 
plied to the VCG input terminal, the frequency will increase 
from the dial setting. A negative voltage will cause the fre- 
quency to decrease from the dial setting. The VCG range of 
the Model 154 is 1000:1. The nomograph of Figure 2-3 
shows the characteristics of the VCG circuit. Column A 
gives the frequency setting, column B, the VCG voltage and 
column C, the resultant frequency of the generator. 

The following are examples of setting up the generator for 
several ranges of frequency change. 



FREQUENCY VCG IN 

SETTING VOLTAGE 



50Q OUT 
FREQUENCY 




In example 1, the frequency setting is 5.00 and 0 volts VCG 
input voltage is applied. Extend a straight line from 5.00 
(frequency setting) through 0 volts (VCG voltage). The re- 
sult is an output frequency of 5 (multiplied by the range 
multiplier). 



In example 2, the frequency setting is 5.00 and a varying 
VCG voltage of -1 V to -M V is applied. By extending 
straight lines through the appropriate position it can be seen 
that the frequency will vary from 3 to 7 (multiplied by the 
range multiplier). 

To obtain a maximum frequency change of 1000:1 the low 
frequency must have a setting of 0.01 X the multiplier. The 
maximum top frequency will then be 9.99 X the multiplier, 
thus giving a 1 000: 1 change. 
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For example, suppose an increasing sweep from 10 kHz to 
10 MHz is desired. The VCG input must be a 0 to +5 volt 
ramp. The frequency setting must be 0.01 X 1M which 
equals 10 kHz (the low frequency). At a +5 volt input the 
generator will be at the full scale output (9.99 X 1M) or 
10 MHz. 

As another example, sweep down from 1 kHz to 1 Hz. The 
VCG input must be a 0 to —5 volt ramp. The frequency 
setting must be 9.99 X 100 which equals 1 kHz, the high 
frequency. At a —5 volt input the generator will be at the 
minimum allowed output for the XI 00 range (0.01 X 100) 
or 1 Hz. These examples may be verified by using the 
nomograph in Figure 2-3. 

2.5.3 Operation as a Triggered Generator 

1. Select the desired waveform by depressing the corre- 
sponding FUNCTION push button. If remote control 
is used, depress the FUNCTION REMOTE push but- 
ton and program the remote connector as required. 

2. Set or program generator to the desired frequency. 

3. Depress the TRIG push button. If remote control is 
used, depress FUNCTION REMOTE. Apply +2A to 
+10 volt logic levels to pins 34 and 35 of plug J3. 
(See the Truth Tables in Section 1.3.) 

4. Apply an external trigger signal of at least +3 volts to 
the TRIG IN connector or depress the MANUAL 
TRIG push button for generation of one cycle of the 
selected waveform. One cycle output will be generated 
for each input signal, providing the frequency of the 
trigger signal is lower than the generator frequency. 

2.5.4 Operation as a Gated or Tone Burst Generator 

1. Select the desired waveform by depressing the corre- 
sponding FUNCTION push button. If remote control 
is used, depress the FUNCTION REMOTE push but- 
ton and program the remote connector as required. 

2. Set or program generator to the desired frequency. 

3. Depress the GATED push button. If remote control is 
used, depress FUNCTION REMOTE. Apply +2.4 to 
+10 volt logic level to pin 34. No signal is applied to 
pin 35. 

4. Apply an external gating signal of at least +3 V to the 
TRIG IN connector or depress the MANUAL TRIG 
button. A gated or tone burst signal will be generated 
as long as gating signal is applied to TRIG IN or 
MANUAL TRIG is depressed. 
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2.5.5 Operation as a DC Voltage Source 

Model 154 may be used as a calibrated dc voltage source not 

to exceed 100 mA of current as follows: 

1. Set the generator in the triggered mode either by de- 
pressing the TRIG push button or by the remote pro- 
gram. See 2.5.3, Step 3. This inhibits the generator 
from running which minimizes the noise content of 
the dc. 

2. Set the function to DC either locally or by remote 
program. The output impedance at the 500 OUT 
connector is now less than 1 ohm. 

3. Connect the 500 OUT connector to the device under 
test. 

4. Set or program the DC/OFFSET VOLTS to the de- 
sired value, either positive or negative. The dc voltage 
ranges from 9.99 to 0.01. The ripple and noise is less 
than 10 mV with the generator idle. 

2.5.6 Operation as an Amplitude Modulated Generator 

The VCA IN connector provides an input for amplitude 

modulation. In using the VCA capability of the generator, 

refer to Figure 2-4. 




Figure 2-4. X-Y Multiplier Block Diagram 



The output of the generator is the product of the X and Y 
inputs; that is, the generator signal times the sum of the 
VCA IN plus the p-p amplitude, or output = X(Yj + Yj). 
Y^ is always a positive dc level, internal to the generator, 
which controls the output amplitude, if there is no VCA IN 
signal. Any VCA input, whether dc or ac, adds to Yj . If the 
sum of Yj and Y^ exceeds the output capabilities of the 
generator, a clipped waveform will result. 
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The modulated output of the generator with several dif- 
ferent VGA input conditions is shown in Figure 2-5. The 
P-P AMPLITUDE VOLTS control is assumed to be 0.00. 



P-P AMPLITUDE 
SETTING 



VGA 

IN 




less than 100% modulation 




100% modulation 




fcjppressed carrier modulation 




less than 100% modulation 
(Same as A, except carrier has 180° phase reversal) 




Figure 2-5. Amplitude Modulation Input and 
Resultant Output 

The nomograph in Figure 2-6 is provided to determine the 
peak limits of the amplitude modulated output. 

Example 1 displays suppressed carrier modulation. See Fig- 
ure 2-5, Diagram C, for a display of the VGA input wave- 
form and the resultant modulated output. 



Figure 2-6. Amplitude Modulation Nomograph 



Example 2 shows 100% modulation. The envelope is 4 volts 
peak to peak. The input sine wave is 2 volts p-p with the 
negative peak equal to zero as referenced to signal ground 
of the Model 154. See Figure 2-5, Diagram B, for waveform 
display. 
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Example 3 shows the effect of using the p-p amplitude 
control together with a VGA input. The result is less than 
100% modulation, since the p-p amplitude control has off- 
set the VGA input above signal ground. The effect is shown 
in Diagram A of Figure 2-5. 

2.5.7 Remote Operation 

The Model 154 may be partially or totally operated in the 
remote mode. Refer to Figure 2-1. 

All of the following should be noted when using a remote 
program. 

1. Be sure logic levels are compatible with those stated 
in Section 1.3. 

2. Be sure plugs J2 and J3 are wired correctly according 
to the pin layout in Section 1 .3. 

3. Some or all functions may be programmed at any one 
time. See Section 2.3, paragraphs 13 through 19. 



4. When the generator is completely under remote con- 
trol, a front panel light will be illuminated as well as a 
signal generated at pin 15 of J3. 

5. The analog program applied to the VGG IN, VGA IN 
and/or EXT DG IN are additive to the digital program. 

6. The 50f2 OUT is normally at the front panel, but may 
be programmed to appear at the rear panel connector 
by applying a signal to pin 36 of connector J3. The 
waveform quality at high frequencies will be better 
at the front panel output. 



CAUTION 



At no time should voltage be applied to the 
instrument that will cause the potential between 
signal ground and program ground to exceed 
10 Vdc. 
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SECTION 
CIRCUIT DESCRIPTION 



3.1. GENERAL DESCRIPTION 
3.1.1 VCG Generator 

A simplified block diagram of the VCG generator is shown 
in Figure 3-1. Triangle and square signals are generated si- 
multaneously in the triangle generator circuit. The triangle 
is then applied to a sine converter and amplified. 

The frequency is controlled by the current from the VCG 
amplifier which in turn is controlled by the voltage from 
the VCG D/A converter. 



One of the signals, square, triangle, sine or DC, is fed into 
the X-Y multiplier and the amplitude is controlled by the 
VGA D/A converter. 



The signal is then fed into the output amplifier. The amount 
of dc offset is controlled by the voltage from the dc offset 
D/A converter. The square wave from the triangle generator 
circuit is also fed into a fast switching circuit, a pulse am- 
plifier, to generate a fixed amplitude fast square wave 
output. 




Figure 3-1. VCG Generator Block Diagram 
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3.2 THEORY OF OPERATION 
3.2.1 Triangle Generator 

When the voltage at point D is positive, the diodes CR15 
and CR16 are reverse biased and CRM and CR17 are for- 
ward biased. See Figure 3-2. Therefore, the current l-t- is 
charging the capacitor C which causes the voltage at points 
A and B to rise. As soon as the voltage at point B reaches 
+1.25 V, the output of the hysteresis switch will switch 
negative and thus reverse the current flow. The current I — 
is drawn from capacitor C. Again, the hysteresis switch 
will switch positive when the voltage at B is below —1.25 V. 
Thus, triangle and square signals are generated simultane- 
ously. 



TO PULSE 





+2.5V - -l 

J 

-2.5V 

Figure 3-2. Triangle Generator Block Diagram 



The output frequency depends on the size of the capacitor 
selected and the amount of currents, 1+ and I-, charging the 
capacitor. The currents are controlled by the VCG amplifier 
which in turn is controlled by the voltage from the D/A 
amplifier and VCG input. 



3.2.2 VCG Amplifier and Current Sources 

The voltage used to control the output frequency from the 
D/A amplifier is applied to point A of the VCG amplifier. 
See Figure 3-3. Two ICs are used to shift the control voltage 
ground reference to the power supply reference. The other 
two ICs are the current source generators. The two current 
outputs are fed to the triangle generator. 




VCG Amplifier and Current Source Simplified Circuit 
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3.2.3 Capacitance Multiplier 



Frequency ranging is achieved by selecting different capaci- 
tors. For frequency ranges at XI Hz or below, large capaci- 
tors are necessary and, therefore, impractical. Instead, a 
capacitance multiplier circuit is used, and ranging is achieved 
by changing the multiplication factor which is equivalent to 
the ranging resistors. The simplified circuit is shown in 
Figure 3-4. 




AMPLIFIER 



Figure 3-4. Capacitance Multiplier Simplified Circuit 



Because of the nature of the feedback loop connection, A1 
and A2, most of the current, 1+ and I—, will be drawn 
by A2 through Rl. Only a very small percentage of current 
is changing and discharging capacitor Cl. Therefore, the 
output frequency will appear much slower. The percentage 
of current drawn by A2 is precisely controlled by the loop 
gain and time constant of the capacitance multiplier circuit. 
Frequency ranging is achieved by changing R2. 

3.2.4 X-Y Multiplier and Output Amplifier 



CONTROL VOLTAGE 
FROM D/A AMPL 
(AMPLITUDE) 

R2 




X-Y Multiplier and Output Amplifier Simplified Circuit 



3.2.5 Trigger Gated Modes 

The triangle generator will oscillate continuously only if the 
voltage at G is negative which reverse biases CRl 1. Refer to 
Figure 3-6. This requires that the voltage at E or F be nega- 
tive. If both voltages at E and F are positive, then so is the 
voltage at G. The current through CRll will keep the 
voltage of C from falling below zero, because CRl 2 is 
clamped at zero. This stops the generator from oscillating. 



One of the signals is selected and fed into one input of the 
X-Y multiplier, and a control voltage from the D/A ampli- 
fier is fed to the other input. Refer to Figure 3-5. The dif- 
ferential output from the X-Y multiplier is directly propor- 
tional to the product of two inputs. 

The signal is then fed into the output amplifier which con- 
sists of two inverting amplifiers. The combined operation of 
the two amplifiers is exactly equal to one differential ampli- 
fier. Because of the large common mode rejection of this 
amplifier, the output amplifier ground, “ ”, can be 

floated from all other grounds, “ ". A separate power 

supply would be required in this case. 



The JK flip-flop is used to control the timing so that the 
triangle will always stop at the end of the cycle. The triangle 
will stop at time tj, if the trigger signal is reset between 
times tj and t^ as shown in the timing diagram. 

If the signal at B is differentiated before it is applied to the 
JK flip-flop, only one cycle of the triangle signal will be 
generated for each trigger input. 

3.2.6 D/A Converter 

Diode gates are used to switch the voltage through weight- 
ing resistors into the summing node of an amplifier. Refer 
to the D/A Converter Schematic. 
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Figure 3-6. Trigger Gated Block and Timing Diagrams 
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SECTION 

CALIBRATION AND MAINTENANCE 



4.1 INTRODUCTION 

This section provides instructions for testing, calibrating, 
troubleshooting, and repairing the Model 154 generator. 
The instructions are concise and written for the experienced 
electronics technician or field engineer. Wavetek maintains 
a factory-repair department for those customers not posses- 
sing the necessary personnel or test equipment to maintain 
the instrument. If an instrument is returned to the factory 
for calibration or repair, a detailed description of the specif- 
ic problem should be attached to facilitate the turnaround 
time. The main board test point and adjustment locations 
are shown on the board itself, and all points are illustrated 
in the data package. 

4.2 ACCESS INSTRUCTION 

Removal of the top dust cover affords quick access to all 
the components within the unit. However, it may be neces- 
sary to remove the bottom dust cover to replace the com- 
ponents. 

An extender board (located in the front left corner) is pro- 
vided to allow testing and repair of individual boards while 
still in the circuit. To remove the extender board, remove 
the two screws located on the side panel. 

4.2.1 Removing the Dust Cover 

1 . Unplug the power cord. 

2. Unscrew two captive screws on top cover. 

3. Remove top cover. 

4. Follow same procedure for bottom cover removal. 

4.3 RECOMMENDED TEST EQUIPMENT 

Table 4-1 contains a list of recommended test equipment. 
Any test equipment having equivalent accuracies may be 
substituted for those listed. 



Table 4-1. TEST EQUIPMENT 



Type 


Required 

Characteristics 


Recommended 

Manufacturer 


Model 


Oscilloscope 


To 250 MHz 


Tektronix 


454 


Oscilloscope 


To 30 MHz 


Tektronix 


544 


Plug-In 


Dual Channel 


Tektronix 


1A1 


Plug-In 


Peak mV 

measuring 

capability 


Tektronix 


1A5 


Distortion 

Analyzer 


To 600 kHz 


Hewlett-Packard 


334A 


Spectrum 

Analyzer 

Display 


To 50 MHz 


Hewlett-Packard 


141S 


IF Section 




Hewlett-Packard 


8552A 


RF Section 




Hewlett-Packard 


8553L 


Differential 

Voltmeter 


Microvolt dc 
measurement 






Counter- 

Timer 


To 10 MHz 
0.1% of reading 
accuracy 







4.4 CALIBRATION INSTRUCTIONS 

The following paragraphs provide complete sequential cali- 
bration procedures for the Model 154 generator. 

NOTE 

The entire calibration procedure must be read 
first to determine initial control settings and 
test equipment connections required before at- 
tempting recalibration. The steps of this proce- 
dure should be performed in the sequence given, 
and the parts within each step should also be 
performed in the same sequence given. Fold 
out page 4-21 for Adjustment and Test Point 
Locations. 
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NOTE 

Unless otherwise noted, all measurements made 
at the 500. OUT connector should be termina- 
ted into a 500 load when in , \ , or 
^ modes and unterminated when in DC. 

4.4.1 Preliminary Procedures 

Allow the unit to warm up for at least 30 minutes. Start the 
calibration by setting the front panel switches and controls 
as follows: 

POWER Switch ON (IN) 

FUNCTION Switch % 

All other push button switches should be in the 
OFF (OUT) position. 

FREOUENCY 9.99X100 

DC/OFFSET 0 0.00 

AMPLITUDE 5.00X1.0 

4.4.2 Power Supply Regulation 

1. Connect a voltmeter to R5 (marked “+15 V" in \ 
AMPL section of the main board), and ground at 
TP1 (C15). 

2. Adjust voltage to +15 Vdc ±20 mV, using R21 on the 
15 V power supply board. 

3. Check for approximately —15 volts at R7 (marked 
"—15 V" in \ AMPL section of the main board). 

4. Check for approximately +24 volts at R4 and —24 
volts at R3 in \ AMPL section of the main board. 
Test points are marked "+24 V" and "—24 V". 

5. Connect a voltmeter to +23 volts across C72 (OUT- 
PUT AMPL section of main board). Adjust voltage to 
+23 Vdc ±20 mV using R21 on the 23 V power sup- 
ply board. 

6. Check voltage across C70 for —23 Vdc ±400 mV. 

7. Check the +6 volt supply in AUX AMPL section of 
main board and ground atTPl (C15). Voltage should 
be +6 Vdc ±200 mV. 

4.4.3 Triangle Amplitude Adjustment 

1. Use a type W or 1A5 plug-in module with the scope 
for this calibration. Connect the oscilloscope probe 
(XI) to output of the triangle amplifier at TP2 and 
ground at TPl on the main board. Make sure the 
frequency setting is at 9.99 X 100 Hz. 



2. Adjust the positive peak of the triangle to +1.25 V 
±5 mV using R21 on the main board. 

3. Adjust the negative peak of the triangle to —1.25 V 
±5 mV using R 1 1 on the main board. 

4.4.4 Frequency Calibration 

1. Set function to "Xi and connect the main output 
to the scope. 

2. Set frequency to 0.09 X O.IM. Alternately short and 
open VCG IN to ground and adjust R34 on the D/A 
amplifier board until no frequency shifting can be 
observed on the scope. 

3. Connect the main output to a counter and verify that 
the shifting is less than 100 Hz. 

4. Set frequency to 0.01 X lOK. Adjust R29 on the 
D/A amplifier board for 100 Hz ±15 Hz. (VCG should 
not be shorted to ground.) 

5. Connect the output to an oscilloscope. Adjust the 
time symmetry to within 1% using R7 on the VCG 
board. A dual channel counter set in the B— A mode 
may also be used for this calibration. By alternately 
changing the slopes from positive to negative on both 
channels, the asymmetry may be measured. 

6. Set frequency to 9.99 X 10 kHz. Adjust output fre- 
quency to 99.9 kHz ±100 Hz using R40 on D/A am- 
plifier board. 

7. Set frequency to 8.99 X 1 MHz. Adjust frequency to 
8.99 MHz ±25 kHz using C4 on main board. Trim C2 
if necessary. 

8. Set frequency to 9.99 X lOK. Re-adjust frequency to 
99.9 kHz ±100 Hz using R40 on D/A amplifier board. 
Trim R31 on D/A amplifier board if necessary. 

9. Set frequency to 0.01 X 10 kHz. Re adjust output 
frequency to 100 Hz ±15 Hz using R29 on D/A ampli- 
fier board. 

10. Check frequency accuracy from 1 .00 x 1 M to 9.99 X 
1M. All frequencies should bo within ±2.0% of full 
scale. If not, re-adjust C4. If adjusting C4 does not 
help, try to trim capacitors Cl 6, Cl 7, C22 and C23 on 
the main board. Add 5 to 1 0 pF capacitance at loca- 
tions Cl 6 and C23, if frequency at the 9.99 x 1 MHz 
setting is too low. Reduce 5 to 1 0 pF of capacitance at 
both Cl 7 and C22, if frequency at the 9.99 X 1 MHz 
setting is too high. 



4-2 




11. Set frequency to 9.99 X 0.1 M. Adjust frequency to 
999 kHz ±1 kHz using C6 on the main board. Trim C8 
if necessary. 

12. Set frequency to 9.99 X IK. Adjust output frequency 
to 9.99 kHz ±10 Hz using R39 on D/A amplifier 
board. 

13. Set frequency to 9.99 X 100. Adjust output frequency 
to 999 Hz ±1 Hz (or period to 1001 ps ±1 ps) using 
R38 on the D/A amplifier board. 

14. Set frequency to 9.99 X 10. Adjust output frequency 
to 99.9 Hz ±0.1 Hz (or period to 10.01 ms ±10 ps) 
using R37 on the D/A amplifier board. 

15. Connect a scope probe to the output of the triangle 
amplifier at TP2 and ground at TPl on the main 
board. 

16. Set generator to TRIG mode with front panel switch. 
Set frequency to 9.99 X 10 Hz. Adjust the dc level to 
0 Vdc ±3 mV using R2 on the main board. 

17. Set generator back to continuous running, frequency 
to 0.50 X 1.0 Hz, and function to 1 j . Adjust the 
time symmetry at the 50S2 OUT connector to less 
than 0.2% using R47 on the VCG board. In addition 
to using sweep magnifier on scope for this calibration, 
a dual channel counter may be used as described in 
Step 5 of Section 4.4.4. 

18. Set frequency to 9.99 X 1.0 Hz. Adjust output fre- 
quency to 9.99 Hz ±0.01 Hz (or period to 100.1 ms 
±0.1 ms) using R15 on the VCG board. 

4.4.5 X-Y Multiplier Adjustment ^ 

1. Set function to DC, frequency to 2.00 X 100 Hz, and 
DC/OFFSET to 0 0.00. 

2. Make sure the 5012 output ground is not shorted to 
program ground by measuring the voltage between 
the two grounds; i.e., the grounds of 5012 OUT and 
TRIG IN. 

3. Connect the 5012 OUT to an oscilloscope. Alternately 
short and open the 5012 ground to the TRIG IN 
ground. Adjust R153 on the main board at the same 
time until the dc level at the output changes less than 
5 mV. 



NOTE 

In case the voltage across the two grounds is too 
small and the effect is not obvious, an external 
voltage less than 10 Vdc can be applied momen- 
tarily between the two grounds for the above 
calibration. R153 should be adjusted for a dc 
shift of less than 5 mV. 

4. Adjust R 1 1 7 on the main board so that the output dc 
level stays within 10 mV at the 0.00 and 9.00 settings 
of the P-P AMPLITUDE VOLTS control. 

5. Set DC/OFFSET to 0 Vdc ±20 mV using R 132 on the 
main board. 

6. Set function to \ (frequency remains at 2.00 X 
100 Hz) and P-P AMPLITUDE to 0.00. 

7. Adjust the voltage between TPS and TPl (GND) on 
main board to 0 Vdc ±5 mV using R8 on the D/A 
amplifier board. TPS is located at one end of R1 10 in 
the X-Y multiplier section on the main board. 

8. Adjust the 5012 OUT signal to minimum using R118 
on the main board. 

9. Set P-P AMPLITUDE to 0.05 V. Adjust R1 24 on main 
board for the most linear waveform. 

10. Reset P-P AMPLITUDE to 0.00. Repeat Step 8. 

11. Set function to DC with P-P AMPLITUDE and DC/ 
OFFSET still at 0.00. Adjust dc voltage at 5012 OUT 
to 0 Vdc ±20 mV into open circuit using R 132 on the 
main board. 

12. Set function to \ and P-P AMPLITUDE to 0.00. 
Repeat Step 8. 

4.4.6 Sine Distortion Adjustment 

1. Set function to ^ , frequency to 9.99 X 100 Hz, 
and P-P AMPLITUDE to 9.99. 

2. Connect a scope probe (XI ) to the output of the sine 
amplifier at TP4 and ground at TPl. Connect the 
other end to a low frequency sine distortion analyzer. 

3. Adjust sine distortion for minimum using R85, R86 
and R88 on the main board. These pots interact so 
several adjustments of each pot may be necessary for 
minimum distortion. 
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Adjust for minimum sine distortion at 50^2 OUT 
using R 120 on the main board. 

5. Check sine distortion at 9.99 X 1 kHz. Re-adjust R85, 
R86 and R88, if necessary, to obtain optimum sine 
distortion at 999 Hz and 9.99 kHz. 

6. Set function to DC, frequency to 2.00 X 100 Hz and 
DC/OFFSET to 0 0.00. Repeat Steps 4 and 11 in 
Section 4.4.5 (X-Y Multiplier Adjustment). 

4.4.7 Output Amplitude and DC Offset Adjustment 

1. Set function to DC and P-P AMPLITUDE to 0.00. 

Adjust R18 on the D/A amplifier board so that the dc 
level at the 50S2 OUT connector changes less than 
10 mV at different dc polarity settings: "0" and 

2. Set P-P AMPLITUDE to 9.99 V, function to \ 
and frequency to 9.99 X 100 Hz. 

3. Adjust output amplitude to 9.99 V p-p ±10 mV into 
a precision 50^2 load using RIO on the D/A amplifier 
board. 

Set function to \i . Adjust the amplitude to 
9.99 V p-p ±10 mV using R108 on the main board. 

5. Adjust the dc offset of % output to less than 
±10 mV using R93 on the main board. 

6. Set function to 1j . Adjust the peak voltage to 
±4.995 V ±5 mV using R57 and R54 on the main 
board for positive and negative peaks, respectively. 



10. Adjust the dc offset at the 5012 OUT connector to 
±4.99 V ±5 mV into a precision 5012 load using R24 
on the D/A amplifier board. 

11. Switch the DC/OFFSET VOLTS to -4.99. The out- 
put voltage should be —4.99 V ±30 mV. If not, re- 
adjust R24 to obtain optimum calibration. 

4.4.8 High Frequency Amplitude Response Adjustment 

1. Set frequency to 1.00 X 1 MHz, DC/OFFSET to 
0 0.00, P-P AMPLITUDE to 9.99 V, and function to 
Hj . Make sure that the output is loaded with a 
precision 5012 load. 

2. Adjust C75 and C77 on the main board for best look- 
ing square waveform. 

3. Set function to . Adjust for best amplitude flat- 
ness to 10 MHz with 1 kHz as reference using C49 on 
the main board. 

4.4.9 Trigger Baseline Adjustment 

1. Set function to \ , frequency to 9.99 X 100 Hz, 
DC/OFFSET to 0 0.00, and P-P AMPLITUDE to 
9.99 V. Generator should be in TRIG mode. Adjust 
output voltage to 0 Vdc ±10 mV using R2 on the 
main board. 

2. Change frequency to 0.01 X 100 Hz. Adjust output 
voltage to 0 Vdc ±30 mV using R34 on the VCG 
board. 

3. Change function to ^ . Adjust output voltage to 
0 Vdc ±10 mV using R93 on the main board. 

4.5 CORRECTIVE MAINTENANCE 



NOTE 

If calibration cannot be achieved, trim R44 (on 
main board) so that the Tj signal at the emit- 
ter of QI3 is symmetrical about ground within 
200 mV. 



This portion of the manual presents a systematic approach 
to trouble-shooting. It is composed of two parts. Part one 
(see 4.5.1) is a quick guide for locating the area of the prob- 
lem. Part two (see 4.5.2) contains 12 tables which are given 
as detailed supplements to part one. 

The following abbreviations are used: 



1 nr*/OCCCCT V/ni TQ to +Q QQ 

/ , OCt I Uriv^ LIWI I ai fu l^v^/ i • w w i V w w • . 

Adjust the output voltage at 5012 OUT connector to 
±9.99 V ±10 mV using R22 on the D/A amplifier 
board without a load. 

8. Switch DC/OFFSET VOLTS to -9.99. The output 
voltage should be -9.99 V ±60 mV. If not, re adjust 
R22 to obtain optimum calibration. 

9. Set function to ^\j , P-P AMPLITUDE to 0.00 and 
DC/OFFSET VOLTS to ±4.99. 



Symbol 

B 

C 

E 

G 

S 

D 

CR 

On 

Vrs 

9 

Q 



Meaning 

Base (transistor) 

Collector (transistor) 

Emitter (transistor) 

Gate (FET) 

Source (FET) 

Drain (FET) 

Diode 

Transistor number (n) 

Voltage between gate and source (FET) 
. . . . Output terminal (flip-flop) 

Inverting output terminal (flip-flop) 
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4.5.1 Quick Trouble-Shooting Guide 



Symptom 
Blown Line Fuse 



+15 V Power Supply Malfunctions 



Other Power Supply Malfunctions 
No Output Signals 



No % , Hj or sync Output 

Tj Rise/Fall Time Abnormally 
Slow 



Corrective Action 



Replace fuse. If it blows again, check the following: 

1 . Solder bridge or wire connection shorted. 

2. Q45 and/or 046 shorted in output amplifier. 

3. One of the 7 transistors mounted on the rear panel is shorted to itself or to another 
transistor through the chassis. 

4. Follow Table 4-2 to locate the short in a particular supply. 

5. By-pass capacitors for power supply are shorted. 

6. Relay in —24 V supply is shorted. 

1. Voltage low: 

a. Transformer output low. 

b. Extra current loading. Check for overheated and defective component in the 
circuit. 

c. Q2 or Q3 is shorted. 

d. Q1 is open. 

e. CR2 is shorted. 

f. IC1 is defective. 

2. Voltage high: 

a. Power transistor TIP29 or Q1 is shorted. 

b. Q3 is open. 

c. ICl is defective. 

3. High frequency oscillation (MHz): 

a. C4 or C5 at ICl is defective. 

b. One of the semiconductors in another part of the circuit is oscillating. Locate by 
using hand to touch the most sensitive area of the circuit boards. 

4. Large 60 cycle noise: 

a. Ditty contact. Unplug the power board and clean the contact. 

b. Defective filter capacitor. Cl or C9. 

1. Follow Table 4-2 to locate the problem to a particular power supply. 

2. Use similar procedure for trouble-shooting as in the +15 V power supply 
malfunctions. 

1. If no \ signal is present at output of \ AMPL, follow Table 4-3 for 
trouble-shooting. 

2. If no signal is present at pin 4 of IC2 in the X-Y multiplier on main board, follow 
Table 4-7 to check out relay logic. 

3. If no signal is present at both emitters of Q31 and Q32 with the \ function 
selected, follow Table 4-12 to check out the X-Y multiplier. 

4. If signal is seen at emitter of Q31 and Q32, follow Table 4-5 to check out the 
output amplifier. 



Follow Table 4-12 to check out the corresponding circuit. 

1. Malfunctioning amplifier. 

2. One of the capacitors in the output amplifier is open. 

3. C75 and C77 (output amplifier) are not calibrated. 

4. C50, C53 or C52 in X-Y multiplier is open. 
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Quick Trouble-Shooting Guide (continued) 



Symptom 

Frequency Accuracy Out of 
Specification 



High Frequency Output Has 
Abnormal Ringing 

High Sine Distortion at Low 
Frequency 



High Sine Distortion at High 
Frequency 



Unsymmetrical '\- 

Amplitude Accuracy Out of 
Specification 



DC Offset Accuracy Out of 
Specification 



TRIG and GATED Mode 
Inoperative 



Corrective Action 

1. Check frequency calibration. 

2. Check for defective CIO, C16 to C23, CR18 and/or CR20 on main board, if 
problem is in XI OK to XI MHz ranges. 

3. Check capacitance multiplier, if problem appears in XO.OOl to XI ranges only, 
using Table 4-6. 

4. Check digit switch, D/A converter of frequency section, if problem appears to be in 
frequency setting, using Table 4-9. 

5. Check VCG and D/A amplifier for frequency linearity problem in all ranges, using 
Table 4-4. 

6. Follow Table 4-10 for frequency ranging problem. 

1. C69 or. output amplifier is open. 

2. Defective capacitor in output amplifier. 

1. \ amplitude and time symmetry calibration is off. 

2. Defective sine converter. 

3. Sine converter or X-Y multiplier calibration is off. 

4. Dirty contact on power supply board, 

1. Hj also looks bad, if problem is in the output amplifier. 

2. Defective capacitors CIO and C16 to C23 in \ amplifier. 

3. Defective C29 to C36 in sine amplifier. 

4. Defective sine converter. 



Follow Table 4-4 to check out the VCG circuit. 



1. Check calibration. 

2. Check for defective C25, C31 and C67 for frequency linearity problem over 1 kHz. 

3. Check digit switch and D/A converter for amplitude setting problem, using Table 4-9. 

4. Follow Table 4-8 for amplitude ranging problem. 

5. Check X-Y multiplier, using Table 4-12. 

1. Check calibration. 

2. Check digit switch and D/A converter for offset setting problem, using Table 4-9. 

3. Check for zero offset of X-Y multiplier and output amplifier. 

1. Check trigger and gated control switches. 

2. Check for correct signals in the trigger circuit, using Table 4-11. 
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4.5.2 Trouble-Shooting Guide Tables 



one or two seconds at a time to prevent it from blowing 
fuses and further damage circuit components. 



4.5.2.1 POWER SUPPLIES 

Use Table 4-2 to localize the problem to a particular power 
supply and associated loading circuitry. In some cases, it is 
necessary to turn on the power of the unit no more than 



NOTE 

Be sure to use the correct ground in the follow- 
ing voltage checks. 



Table 4-2. POWER SUPPLIES 
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Table 4-3. TRIANGLE AMPLIFIER, COMPARATOR, AND HYSTERESIS SWITCH 



TROUBLE- 
SHOOTING 
VCG CIRCUIT 
(TABLE 4-4) 



MAKE SURE 

VCG CIRCUIT YES TRIG & GATED 
WORKING — ^ SWITCHES ARE 

NORMALLY? NOT PUSHED 

IN 



CHECK FOR 
DEFECTIVE 
TRANSISTORS 
Q1 TO 07 



CHECK FOR 
DEFECTIVE 
COMPONENTS 
CR3.CR4 



C100R CR2 
IS SHORTED 



TROUBLE- 
SHOOTING 
POWER 
SUPPLIES 
(TABLE 4-2) 



ALL POWER 
SUPPLY 
VOLTAGES 
NORMAL? 



VOLTAGE AT 
JUNCTION 
CR11 &CR12 
<-^1.25 V? 









































Table 4-3. TRIANGLE AMPLIFIER, COMPARATOR, AND HYSTERESIS SWITCH (Continued) 


















Table 4-4. VCG AND CURRENT SOURCE 
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Table 4-5. OUTPUT AMPLIFIER 
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Table 4-6. CAPACITANCE MULTIPLIER 




Table 4-7. FUNCTION LOGIC 



“--.-...^COMPON ENTS 
FUNCTION 


Q58 Q59 


060 061 


062 063 064 


K7 K8 K9 


% 


X 


X 






\ 


X 


X 


X 


X 




X 


X 


X 


X X 


DC 

(Also see Table 4-8) 


X 


X 


X 


X 



NOTES: 1. For standard logic only. For inverse logic, interchange Q58 with Q59 and Q60 with Q61. 

2. For TRIG and GA TED logic, see Timing Diagram, Table 4- 1 1. 

3. The transistor or relay with "X" is in an "ON" state. 
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4.B.2.2 AMPLITUDE RANGING CONTROL LOGIC 

Table 4-8 is provided as a hii?t for trouble-shooting ampli- 
tude ranging control logic. 



At XO.l range, only 048,049,051 ,056 and K13 are "ON 
and all other transistors and relays should be "OFF". 

Relay K12 should never be "ON" when K13, K14 or 
K15is "ON". 



Table 4-8. AMPLITUDE RANGING CONTROL LOGIC 





ALL COMPONENTS ARE ON MAIN CIRCUIT BOARD 








AMPL \r 
RANGE \ 


STANDARD LOGIC ONLY, FOR 
INVERSE LOGIC, INTERCHANGE 
Q47 WITH 048 AND 049 WITH 050 


RELAY 

OR 

LOGIC 

DRIVER 

(ON) 


(K1,D/A 

AMPL 

BOARD) 

K10 


K11 


K12 


K13 


K14 


K15 


047 048 


049 050 


XI 


X 


X 


Q54 

Q55 




D 


H 




■ 


1 


XO.l 


X 


X 


05 1 
056 








X 




■ 


X0.01 


X 


X 


052 

056 










X 


■ 


X0.001 


X 


X 


053 

056 












X 


DC output 
(Also see 
Table 4-7 


Not 

Applicable 


Not 

Applicable 


057 

055 


X 


X 


X 









NOTE: The transistor or relay with "X" is in an "ON" state. 
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4.5.2.3 D/A CONVERTER 

The D/A converter can easily be checked out by comparing 
the voltage level at the cathode of each switching diode ac- 
cording to Table 4-9. If the voltage level is not in agreement 



with the table, check for correct voltage at the connector 
and the associated circuitry. 

Pin No. 1 at the connector is the summing node of the 
D/A amplifier and should be 0 Vdc. If not, the problem is 
in the D/A amplifier. 



Table 4-9. D/A CONVERTER 



FREQ 

AMPL OR^ 
OFFSET \ 
SETTINGS 


PIN NUMBER AT CONNECTOR 
D/A CONVERTER BOARD 


DIODE (CR) NUMBER (VOLTAGE AT CATHODE) 


3 


4 


5 


6 


7 


8 


9 


11 


12 


13 


14 


15 


40 


37 


34 


30 


27 


24 


21 


17 


14 


11 


8 


4 


0.00 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


L 


L 


B 


B 


L 


L 


L 


L 


B 


B 


B 


H 


1.11 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


H 


B 


D 


B 


H 


L 


L 


L 


H 


L 


L 


L 


2.22 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


3.33 


1 


1 


0 


0 


1 


1 


0 


0 


1 


1 


0 


0 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


4.44 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


L 


L 


H 


L 


L 


L 


H 


B 


L 


L 


H 


L 


5.55 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


6.66 




B 


1 


0 




1 


1 


0 




B 


1 


0 


L 


H 


H 


L 


i_ 


H 


H 


!_ 


j_ 


H 


H 


L 


7.77 


1 


1 


1 


0 


1 


1 


1 


0 


1 


1 


1 


0 


H 


H 


H 


B 


H 


H 


H 


B 


H 


H 


H 


L 


8.88 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


L 


L 


H 


H 


L 


L 


H 


H 


D 


B 






9.99 


1 


0 


0 


1 




1 


0 


0 


1 


1 


0 


0 


1 


H 


L 


H 


H 


H 


L 


H 


H 


H 


L 


H 


H 



NOTE: H = +6V. 

L = OV. 

1 is >2.4 V for standard logic, <1 V for inverting logic. 
0is<1 V for standard logic, > 2.4 V for inverting logic. 
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4.5.2.4 FREQUENCY RANGING LOGIC 

Table 4-10 is provided as a hint for trouble-shooting fre- 
quency ranging and calibration problems. A few typical 
examples are listed below to clarify the use of this table. 

1. Defective Q16, C12, K3, R39 or K6 will cause abnormal 
frequency output at X1K range. Shorted C3 will have 
OVdc output. Inoperative K4 will have frequency output 
as at XI MHz range, etc. 



2. Frequency stays the same at all ranges from XO. 001 to 
XI 0 Hz, if relay K6 is not energized or is open. 

3. Frequency out of specification at XlOK, X0.1M and 
XI M ranges indicates that R40 is not properly calibrated. 

4. Each pair of transistors, Q1 and Q2, Q3 and Q4, Q5 and 
Q6, and Q7 and Q8, should never be "ON” or "OFF" 
simultaneously. If this occurs, all frequency ranging is 
wrong, or there is no ranging control at all. 



Table 4-10. FREQUENCY RANGING LOGIC 



% 

% 

FREQ \ 
RANGING 


TRANSISTORS ON FREQ 
RANGING BOARD 
(See Note 1 ) 


MAIN BD 


VCG BD 


D/A AMPL BD 


RELAY 

OR 

LOGIC 

DRIVER 

(ON) 


C6 

C7 C”C12C13 ^ ^ 
C8 


R20 R22 R16 
R21 R23 R17 


R37 R38 R39 R40 


— 

01 02 


03 04 


05 06 


— 
07 08 


K1 K2 K3 K4 K5 K6 


K2 K3 K4 


K4 K5 K6 K7 


XO.OOl 


X 


■ 


B 


B 


09, 021 
013,014 


X X 




X 


XO.Ol 


X 


X 


X 


X 


Q10, 021 
013,014 


X X 


X 


X 


X0.1 


X 


■ 


X 


X 


011,021 

013,014 


X X 


X 


X 


XI 


■ 


X 


X 


X 


012,021 

013,014 


X X 


X 


X 


XIO 


■ 


X 


■ 


■ 


014 


X 




X 


XlOO 


X 


■ 


B 


■ 


015 


X 




X 


XIK 


X 


■ 


B 


■ 


016 


X 




X 


X10K 


X 


■ 


X 


X 


017,018 

020 


X 




X 


XO.IM 


■ 


■ 


B 


X 


018,019 

020 


X 




X 


XIM 


■ 


X 


m 


■ 


018, 020 






X 



NOTES: 1. For standard control logic only (for inverse logic, interchange each pair of transistors). 

2. The transistor or relay with "X" is in its "ON" state. 



4.5.2.B TRIGGER AND GATED LOGIC TIMING 

For trouble-shooting the trigger, set the generator at GATED 
mode. Refer to Table 4-11. Draw a vertical line on the 
timing diagram along tj or t 2 , depending on whether the 



TRIG IN signal is low or high, and check for correct voltage 
levels according to the timing diagram. 

After the GATED mode has been checked out and is work- 
ing normally, the TRIG mode can be checked in the same 
way but concentrated in the 078, 077 area. 
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R289 (from remote switch) 



R282 (from remote switch) 



TRIG IN 



C of Q70 



C of Q71 



C of Q72 



B of Q76 



C of Q76 



C of Q77 



E of Q79 (sync) 



C of Q80 



Qof IC4 



Junction of CR93 and CR92 

-2 V 
+ 1.25 V 

Junction of R8 and R9 



Table 4-11. TRIGGER AND ijATED LOGIC TIMING DIAGRAM 
TRIGGER MODE j GATED MODE 



CONTINUOUS MODE 






















A A A_l AAA/ 



!5 








Table 4-12. KEY SIGNAL AND VOLTAGE 



/V amplifier, COMPARATOR AND HYSTERESIS 
SWITCH 



Test Point 



Typical Voltage 



G of Q2 
G of Q3 
E of Q5 

Pins 1 and 4 of ICl 
Pins 2 and 8 
Pins 3 and 9 
E of Q14 
B of Q14 and Q9 
E of Q8 and Q13 



+7 Vdc offset 



2.5 V p-p ^ , 0 Vdc offset 
2.5VP-P .0 Vdc offset 

2.5 V p-p 
See Table 4-13 
-3V 
-3.7 V 
-1-6.8 Vdc 
See Table 4-13 
See Table 4-13 



Test Point 



X-Y MULTIPLIER 

Typical Voltage 



E of Q12 
R42 and R45 
junction 

S of Q82 
S of Q83 


-MOV 
-3 V 

-MO V to -M 5 V, dependent on frequen- 
cy setting 

-10 V to -15 V, dependent on fre- 
quency setting 


% CONVERTER AND AMPLIFIER 


Test Point 


Typical Voltage 


Pin 2 of A1 
Pin 4 of Al 
Pin 1 of Al 
Pin 5 of Al 
R75 and R76 
junction 

B of Q17 and Q18 


See Table 4-13 
-M4V 
-14 V 

250 mV p-p ^ * 0 offset 

2.5 V p-p % ,0 Vdc offset 

-1-8 V 


SYNC AND SQUARE AMPLIFIER 


Test Point 


Typical Voltage 


R84 and R56 
junction 
CR27 cathode 
R95 and R96 
junction 


±2.4 V Tj 

±1.25 V 
±1.25 V 




AUX AMPLIFIER 


Test Point 


Typical Voltage 


E of Q26 


0 to +6 V Mj 



Rill 
RllO 

Pins 8 and 12 of 
IC2 

Pin 5 of IC2 

Pins 6 and 1 1 of 
1C2 

Pin 10 of 1C2 
Pins 3 and 13 
Pin 1 of IC2 
E of Q32 

E of Q31 



Selected signal { , Tj 

DC) 

VCA input, voltage dependent on am- 
plitude setting 
0 Vdc 

Same signal as at pin 4, but —1.4 V 
offset 
-1.4 V 

—1.4 V below pin 9 
-13.5 V 
- 1-5 V 

Selected signal output, -t-9 Vdc offset, 
amplitude dependent on setting 
Inverted output of Q32 



OUTPUT AMPLIFIER 



Test Point 


Typical Voltage 


Voltage between 


-1 to +1 V (when floating) 


^ and ^ 




E of Q33 


±19 Vdc 


E of Q34 


—19 Vdc 


R157 and R158 


±0.7 Vdc 


junction 
E of Q35 


1 Selected waveform, 0 to 1 V p-p 


E of Q36 1 


±10V±5 V 


B of Q41 


±19 Vdc 


E of Q43 


±19 Vdc 


B of Q42 


-19 Vdc 


E of Q44 


-19 Vdc 


R166 and R168 


±0.7 Vdc 


junction 


±19 Vdc 


E of Q37 and Q39 


E of Q40 


±2 V to±18 V 


R192 and R 133 


Maijfi output, ±15 V maximum 


junction 1 




D/a AMPLIFIER 



Pins 2 and 3 of all D/A amplifiers (ICl, IC2 and IC3) are 
0 Vdc Their output voltages are dependent on front panel 
and remote control settings. The gain of 1C2 will decrease 
to % when dc output is selected and K1 is closed. 




Table 4-12. KEY SIGNAL AND VOLTAGE (Continued) 



VCG AMPLIFIER AND TRIGGER BASELINE 
COMPENSATION 



Test Point 



Typical Voltage 



R24andR25 0to-5V* 



junction 
Sof Q1 

Pins 2 and 3 of IC2 
Sof Q2 

Pins 2 and 3 of IC5 
VgsOfQS 
R36 and R37 
Eof Q5 
R36 



0 V 

+15 to +10 V* 

Oto-5 V* 

-15 to -10 V* 

^G1,S1 ^G2.S2 

Voltage across both are equal 

+2.2 V 

Voltage across R39 and R29 are equal 



Voltage is dependent on a frequency setting of 0.00 to 9.99. 



CAPACITANCE MULTIPLIER* 



Test Point Typical Voltage 



G1 and G2 of Q6 
Pin 6 of IC7 

Pins 2 and 3 of IC3 
Pin 6 of IC3 



11.25 V ^ 

•"Ij , amplitude 
quency setting 
11.25 V ^ 
17.50 V 



dependent on fre- 



*The above information applies if the frequency range is at 
XI Hz. 
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ADJUSTMENT AND TEST POINT LOCATIONS 
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SECTION 

DIAGRAMS, ADDENDA AND PARTS LISTS 



5.1 DRAWINGS 5.3 ADDENDA 

The following assembly drawings (with parts lists) and Under Wavetek s product improvement program, the 
schematics are in the arrangement shown below. electronic designs and circuits are incorporated 

into each Wavetek instrument as quickly as develop- 
ment and testing permit. Because of the time needed 
to compose and print instruction manuals, it is not 

5.2 ORDERING PARTS always possible to include the most recent changes in 

the initial printing. Whenever this occurs, addendum 
When ordering spare parts, please specify part num- pages are prepared to summarize the changes made 
ber, circuit reference, board, serial number of unit and are inserted immediately inside the rear cover. If 
and. if applicable, the function performed. no such pages exist, the manual is correct as printed. 



CROSS REFERENCE FOR DRAWING NUMBERS 



Drawings 


Old NumtMr 


New Number 


Orawlnggs 


Old Number 


New Number 


Chassis Schematic 


154-200 


0004-000041 


D-A Converter Schematic c 


154-213 


0103000083 


Chassis Assy 


154-000 


0002-000300 


D-A Converter Adsyy 


154013 


0101-000083 


Chassis Parts List 


* 


1101-000041 


D-A Converter PSdsUsfe; 


* 


1100000083 


Main Board Schematic 


154-215 


0103000085 


Frequency Range cSShbrnatiC ': 


154-212 


0103-000082 


Main Board Assy 


154-015 


0101000085 


Frequency Range Absy y 


154012 


0101-000082 


Main Board Parts List 


‘ 


1100000085 


Frequency Range PSrtsiSsty 


* 


1100000082 


Patch Block Assy 


154-024 


1205-000489 


D-A Amplifier Schematic 


154-214 


0103-000084 


Patch Block Parts List 


* 


* 


D-A Amplifier Assy 


154014 


0101-000084 


Mother Board Assy 
Mother Board Parts List 


154-010 


0101-000080 

1100000080 


D-A Amplifier Parts List 
VCG Board Schematic 


154-216 


1100000084 

0103-000086 


1 5V. 24V Power Supply 


154-211 


0103000081 


VCG Board Assy 
VCG Board Parts List 


154016 


0101-00-0086 

1100000086 


Schematic 

15V. 24V Power Supply Assy 


154011 


0101-00-0081 


Transistor Mounting Board 


154017 


0101-00-0087 


1 5V. 24V Power Supply 
Parts List 

6V, 23V Power Supply 
Schematic 

6V, 23V Power Supply Assy 


154-221 

154021 


1101-00-0081 

0103-000089 

0101-00-0089 


Assy 

Transistor Mounting Board 
Parts Ust 

Rear Panel Assy 
Rear Panel Parts List 


154-001 


1100000087 

0102-000331 

1101-000072 


6V, 23V Power Supply 
Parts List 

‘Same as assembly number 




1100000089 


Extender Board Assy 
Extender Board Parts List 


154018 


0101-000088 

1100000088 
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5.4 RECOMMENDED SPARE PARTS LIST 
Information is provided to maintain the instrument on a 
board or component level. Price and delivery information 
should be obtained from the Wavetek representative in your 
area or directly from the factory. 



DESCRIPTION 


MFG 


PART NO. 


OTY 


BOARD LEVEL 








15 V, 24 V POWER SUPPLY BOARD 


WAVETEK 


154-011 


1 


FREQ RANGING BOARD 


WAVETEK 


154-012 


1 


D/A CONVERTER BOARD 


WAVETEK 


154-013 


1 


D/A AMPLIFIER BOARD 


WAVETEK 


154-014 


1 


VCG BOARD 


WAVETEK 


164-016 


1 


6 V, 23 V POWER SUPPLY BOARD 


WAVETEK 


154-021 


1 


COMPONENT LEVEL 








DIODE TUNNEL 


r ge 


1N3716 


1 


DIODE 


’J ' SEMTECH 


SCE-1 


2 


DIODE 


' FAIRCHILD 


FD777 


1 


DIODE 


FAIRCHILD 


FD6666 


8 


♦ DIODE -09 


FAIRCHILD 


FD6666 


2 


DIODE ZENER 


' - WAVETEK 


130-506 


2 


FUSE 54A 115 V 


. LITTELFUSE 


313-500 




FUSE 16A 230 V 


LITTELFUSE 


313-250 


t 


♦ INTEGRATED CKT -13 


FAIRCHILD 


MA709C 


2 


♦ INTEGRATED CKT ..-14 


FAIRCHILD 


J1A709C 


2 


INTEGRATED CKT 


'RCA 


CA3028A 


1 


INTEGRATED CKT 


RCA 


CA3049 


1 


INTEGRATED CKT 


MOTOROLA 


MC1595L 


1 


INTEGRATED CKT 


MOTOROLA 


MC3050P 


1 


LAMP 


MURA 


BP 28/40 


2 


RELAY 


■ JENCO 


RR30-1023 


2 


RELAY 


JENCO 


RR30-1024 


2 


SINE MODULE 


- WAVETEK 


B142-011 


1 


TRANSISTORS 


FAIRCHILD 


2N3638 


8 


TRANSISTORS 


FAIRCHILD 


2N3642 


2 


TRANSISTORS 


FAIRCHILD 


2N3646 


8 


TRANSISTORS 


j FAIRCHILD 


2N4248 


2 


TRANSISTORS 


j MOTOROLA 


MPSL08 


1 


TRANSISTORS 


: MOTOROLA 


2N2905A 


1 


♦ TRANSISTORS -62 


t MOTOROLA 


2N3563 


2 


♦ TRANSISTORS -53 


1 MOTOROLA 

* motorola 


2N5485 


2 


♦ TRANSISTORS -54 


2N5485 


1 


♦ TRANSISTORS -55 


;; MOTOBOLA 


2N5462 


1 


♦ TRANSISTORS -66 


motorola 


2N2219A 


2 


TRANSISTORS 


TEXAS INST 


TIP 29 


2 


TRANSISTORS 


TEXAS INST 


TIP 30 


2 


TRANSISTORS 


. tech PROD 


TP 308 


1 



♦ Denotes special selected parts and should be ordered from Wavetek. 
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